INTRODUCTION {#sec1-1}
============

One of the best methods of learning about anatomy is by observing natural samples, the aim of which is to gain better understanding of structure of body, organs and limbs. In this regard, skeleton investigation has significant importance.

In the study of fetus and small mature samples, it is very important to prepare an intact anatomic skeleton sample with correct orientation. Previously, in order to prepare skeletons, small samples were buried in soil for several months and then the complete skeleton was prepared after assembling the bones; one of the problems of this method was that, when the sample was unearthed, the remaining parts were a large number of small bones, the joints of which were destroyed and also easily lost in the soil. Another technique was boiling in a solution, in which the joints were destroyed and the bone components were damaged.\[[@ref1][@ref2]\]

Alizarin red-Alcian blue double staining is a simple and effective yet inexpensive technique for observing and evaluating appearance and even details of fetus skeleton and small samples without using expensive techniques like X-ray.\[[@ref3]\] The first skeleton staining was performed by Alen B. Dawson in 1926.\[[@ref4]\] For the first time, Inouye (1976) reported Alizarin red-Alcian blue double staining on skeletal and cartilage tissue.\[[@ref5]\] Structural appearance evaluation using this technique allows for better understating of the performance of anatomical system and even evaluation of body structure of different species.\[[@ref6][@ref7]\] The conventional method of preserving stained samples in glycerin containers had many disadvantages including problems in samples' displacement, fragility and inconvenience for educational purposes. These samples are only observable and cannot be touched or rotated in different directions, which is considered a disadvantage from educational point of view.

Plastination is a new method of preserving tissue samples for a longer period of time, which was invented by a German professor Gounther Von Hagens in 1977. In this technique, by removing the interstitial water and replacing it by specific polymers, an odorless, touchable and dry sample is obtained, which is completely similar to the natural one and is suitable for educational purposes and biology museums.\[[@ref8]\] This technique can resolve the above-mentioned disadvantages of the method of preserving stained samples in glycerin.

The purpose of this study was to apply volumetric and sheet plastination technique for preserving the samples dyed by Alizarin red-Alcian blue double staining method and making a comparison with the conventional method of preserving the dyed samples in glycerin containers. Finally, color quality, tissue transparency, consolidation and ease of applicability of the samples were compared with each other.

MATERIALS AND METHODS {#sec1-2}
=====================

Animals preparation {#sec2-1}
-------------------

Two groups of rats at different ages were selected, which included mature rat, newborn rat, 3-day rat and 12-day rat. Rats were anesthetized and slaughtered by chloroform, and then the samples,' skin and viscera were removed. To expose the skeleton and to examine the effect of staining, the muscular tissue on one side of the rat bodies was completely removed. One mature rat was selected to prepare stained and plastinated saggital sections. After being anesthetized by chloroform and dying, the mature rat was frozen at -35°C. Then, the sample was molded using a specific polyurethane resin and finally it was cut into sections with 4-mm thickness using a special band saw.\[[@ref9]\]

Steps for alizarin red-Alcian blue double staining {#sec2-2}
--------------------------------------------------

### Fixation {#sec3-1}

In order to avoid decomposition of the tissues over time, before performing other steps, the samples were kept in 95% ethanol for 15-20 days to make them fixated. After cutting by the special band saw, the sections of the mature rat were also kept in 95% ethanol to fixate completely.

### Staining the cartilage {#sec3-2}

0.0225% Alcian blue solution with 4:1 ratio of 95% ethanol and glacial acetic acid was prepared and the samples were kept in the solution for 3 days until the cartilage was completely stained. Then, the samples were taken out of the dye and were rinsed until stain sediments were removed from the tissue. The samples were then cleared in 1% KOH solution.

### Staining the bone {#sec3-3}

Dye solution which included 0.003% Alizarin Red in 1% KOH was prepared and the samples were kept in the solution for 2 days. Then, the samples were taken out of the dye solution and were put in 95% ethanol for 30 min in order for the muscles to decolorize and for the bones to have sharp colors.

### Glycerin preservation {#sec3-4}

The conventional method of preserving the samples in glycerin containers was used for the first group of rats. For this purpose, the samples were transferred to a solution containing 10 g KOH, 800 ml water and 200 ml glycerin. After 3 days, the samples were taken out of the solution and were put in a container with 1:1 ratio of glycerin and 95% ethanol for two days. Then, they were transferred to a container with pure glycerin.\[[@ref10][@ref11][@ref12][@ref13][@ref14]\]

Plastination steps {#sec2-3}
------------------

To preserve the second group of samples, plastination technique which was modified and designed in plastination laboratory of Isfahan University of Medical Sciences was used.\[[@ref15][@ref16]\]

### Dehydration {#sec3-5}

The dyed samples were transferred to acetone bath at −25°C and the acetone purity was measured using acetonometer every two days. After a week, the acetone inside the container was replaced with pure acetone and this process was repeated until complete dehydration, i.e., when the acetone percent remained constant.\[[@ref17]\]

### Force impregnation {#sec3-6}

In this step, the volumetric dehydrated samples were put in a container with S~110~ resin (prepared in plastination laboratory of Isfahan Medical School) and the sectional samples were also put in a container of UP~87~ resin (prepared in plastination laboratory of Isfahan Medical School) and the container was placed in the vacuum chamber up to the pressure of 5 MM Hg. After 10 days and replacing the resin by acetone, the samples were taken out of the vacuum chamber.\[[@ref15][@ref16][@ref17]\]

### Processing {#sec3-7}

After taking volumetric samples out of S~110~ resin bath, they were placed on a steel mesh so that the remaining resins came off; then, S~111~ hardening fluid was sprayed on the samples and the samples were kept at 35°C so that the resin was hardened.\[[@ref15][@ref16]\]

After taking the sectional samples out of the vacuum chamber, UP~87~ resin was used to mold them by glass molds, and after the resins were hardened, the molds were opened and the covered sections were taken out of the mold using a polymer coating with the thickness of 8 MM.\[[@ref18]\]

RESULTS {#sec1-3}
=======

The results of this study showed that the samples stained by Alizarin red-Alcian blue had good transparency so that the samples' skeletons were completely visible. Coloring of the cartilage and bone was successfully performed and for the samples with lower age, cartilage and bone were properly stained. With regard to mature rats, Alizarin red staining was properly performed but they had a lower level of chromaticity compared with younger samples. Alcian blue staining of mature samples was properly performed in intervertebral disks and rib cartilages \[Figure [1a](#F1){ref-type="fig"}-[d](#F1){ref-type="fig"}\]. After the staining process, putting the samples in acetone resulted in the muscles to turn to white; however, comparison of the half of the body with removed muscular tissue with the other half which had its muscular tissue demonstrated that color of cartilage and bone tissue remained unchanged \[Figure [2a](#F2){ref-type="fig"}-[d](#F2){ref-type="fig"}\]. When the samples were placed inside the resin in the vacuum chamber, no color change was observed in cartilage and bone. Plastination of the volumetric stained samples was properly performed without any color change in cartilage and bone, and in young samples skeleton was fully visible and cartilage and bone were completely distinguishable. After plastinating the mature sample by silicon resin (S~110~), no color change was observed; however, the sample\'s muscular tissue turned opaque and white. Color of the bones and cartilages in the dissected half was less intense \[Figure [3a](#F3){ref-type="fig"}-[d](#F3){ref-type="fig"}\]. After molding and final process, the sections which were placed in polyester resin (UP~87~), had high quality and translucent tissue so that spatial formation of the spinal cord, muscles, cartilage and bone could be easily revealed \[Figure [4a](#F4){ref-type="fig"}-[d](#F4){ref-type="fig"}\]

![(a-d) Samples of 1-day, 3-day, 12-day and mature rats after double staining and preserving in glycerin](ABR-2-19-g001){#F1}

![(a-d) Samples of 1-day, 3-days, 12-days and mature rats after dehydration step using acetone](ABR-2-19-g002){#F2}

![(a-d) Samples of 1-day, 2-days, 12-days and mature rats after plastination](ABR-2-19-g003){#F3}

![(a- c) Sections of mature rat (a) after double staining, (b) after dehydration with acetone, and (c) after plastination and molding](ABR-2-19-g004){#F4}

DISCUSSION {#sec1-4}
==========

In this research, M. De Roberti\'s staining method was used with some corrections and modifications to obtain the most desirable results.\[[@ref10]\] Finally, staining of the cartilage and bone was successfully preformed and staining quality in younger samples was better than that in the older ones. M. R. Haffajee used plastination method in order to preserve human fetus, which was stained by Alizarin red and prepared strong touchable samples for educational purposes.\[[@ref19]\] The results of this study demonstrated that plastinated samples were more appropriate for teaching bone and cartilage anatomy and these samples had better applicability and strength and were easier for transportation compared with the samples, which were preserved in glycerin containers. Only for mature plastinated rats, these samples had less transparency compared to the samples preserved in glycerin and, in case of comparison with the plastinated samples in terms of transparency and skeleton visibility, 1-day rat had the most transparency and had the clearest skeleton among other volumetric samples. H. Steinke investigated a new method for tissue dying in sheet plastination to prevent from color change in dyed samples in plastination steps. The prepared sections had better contrast and distinction for educational purposes.\[[@ref20]\] In this study, it was observed that for sections of the mature rat which was plastinated by UP~87~, plastination had no effect on double staining of the bone and cartilage. The tissue samples with great transparency, great differentiation between cartilage and bone tissues and chromaticity equal to glycerin preservation were prepared.

CONCLUSIONS {#sec1-5}
===========

Finally, considering the obtained results in this study, it can be said that plastination technique is a better method for plastinating fetus and newborn samples colored by Alizarin red-Alcian blue double staining compared with glycerin preservation method and resolves the disadvantages of glycerin preservation method.
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